Background. Criteria for resectability of colon cancer liver metastases (CLM) are evolving, yet little is known about how physicians choose a therapeutic strategy for potentially resectable CLM. Methods. Physicians completed a national Web-based survey that consisted of varied CLM conjoint tasks. Respondents chose among three treatment strategies: immediate liver resection (LR), preoperative chemotherapy followed by surgery (C ? LR), or palliative chemotherapy (PC). Data were analyzed by multinomial logistic regression, yielding odds ratios (OR). Results. Of 219 respondents, 79 % practiced at academic centers and 63 % were in practice C10 years. Median number of cases evaluated was four per month. Surgical training varied: 51 % surgical oncology, 44 % hepatopancreato-biliary/transplantation, 5 % no fellowship. Although each factor affected the choice of CLM therapy, the relative effect differed. Hilar lymph node disease predicted a strong aversion to LR with surgeons more likely to choose C ? LR (OR 8.92) or PC (OR 49.9). Solitary lung metastasis also deterred choice of LR, with respondents favoring C ? LR (OR 4.43) or PC (OR 6.97). After controlling for clinical factors, surgeons with more years in practice were more likely to choose PC over C ? LR (OR 1.94) (P = 0.005). Surgical oncology-trained surgeons were more likely than hepatobiliary/transplant-trained surgeons to choose C ? LR (OR 2.53) or PC (OR 4.15) (P \ 0.001).
Given that surgical resection remains the best chance for cure, there has been considerable interest in expanding the criteria for resectability of colorectal liver metastases. [1] [2] [3] As the options for management of patients with metastatic colorectal cancer continue to expand and become more complex, it remains unclear whether patients are being appropriately referred for optimal therapy. One small study noted that referral patterns of patients with liver metastasis remains low and is still based on traditional factors, rather than new multimodal criteria. 4 Although highly specialized centers have published data on surgery for colorectal liver metastases in the setting of advanced patient age, extensive intrahepatic disease, or extrahepatic metastasis, the relative impact of these factors on the decision to offer surgical therapy has not been examined. Most studies on surgery for colorectal liver metastasis have focused on survival outcomes. [5] [6] [7] [8] There are minimal data on provider preferences or attitudes regarding the utilization and timing of hepatectomy in the setting of a modern paradigm of care, where patients may have a higher burden of disease both inside and outside the liver.
Clinical judgment analyses can elicit the factors determining clinical decisions better than physician introspection alone. 10, 11 Conjoint analysis is a stated preference research method that uses stylized scenarios to elicit preferences that are valid predictors of real-world decisions. 12, 13 The relative influence of different factors on clinical decisions can be estimated by presenting respondents with a series of clinical vignettes incorporating multiple factors of interest. 13 This method has been applied to clinical decision making in medicine on a limited basis. Our group has used this technique to elucidate the factors that drive surgical decision making in early hepatocellular carcinoma. 13 In the present study, we sought to use conjoint analysis to understand how surgeons choose therapeutic strategies for potentially resectable colon cancer liver metastasis (CLM), including the interplay between patient-related and physician-related factors.
METHODS

Survey Instrument Design
Standard conjoint analysis methodology was used to design, implement, and analyze the survey. 13 First, structured interviews were conducted with surgeons and medical oncologists who treat CLM in order to identify clinical factors influencing choice of therapy for CLM. These seven key clinical factors were then incorporated into 36 case scenarios (conjoint tasks) using an orthogonal array.
14 In each case scenario, the respondent was asked which procedure he or she would recommend as initial therapy for colorectal liver metastasis: immediate liver resection (LR), preoperative chemotherapy followed by surgery (C ? LR), or palliative chemotherapy (PC) (Supplemental Fig. 1) . A random subset of 10 case scenarios was chosen for each respondent. 13 In addition to the case scenarios, the survey instrument included questions on practice characteristics and questions regarding attitudes toward surgical therapies for colorectal liver metastasis. General preferences for different therapeutic options were also assessed using a 1-5 Likert scale. The resulting survey instrument was then pilot tested and iteratively refined before invitation e-mails were sent to potential respondents. Invitations to take the survey were sent by e-mail to surgeons with an interest in liver surgery as identified by participation in one of several gastrointestinal cancer or liver surgery societies; e-mail addresses were obtained from publicly available sources such as Web sites and publications in the field.
13,15
Statistical Analysis
Descriptive statistics were compared by Fisher's exact test, the rank sum test, or the Kruskal-Wallis test, as appropriate. Choice data were analyzed by multinomial logistic regression models with robust variance estimates, yielding odds ratios (OR) that reflect the change in the odds of choosing a particular therapy over an alternative. All tests of statistical significance were two-sided, and statistical significance was established at P \ 0.05. Statistical analyses were performed by Stata/MP 10.1 for Windows (StataCorp, College Station, TX). The study protocol and 
RESULTS
A total of 1,032 e-mail invitations were sent to surgeons with an interest in liver surgery. The invitation was viewed by 466 surgeons and 219 eligible, complete responses were received (response rate 47 %). Practice characteristics of the respondents are listed in Table 1 . The majority of respondents (79 %) practiced at academic centers, and 63 % were in practice C10 years. Surgical training varied: 51 % surgical oncology, 44 % hepato-pancreato-biliary/ transplantation, and 5 % no fellowship. Respondents spent Responses to attitudinal questions regarding initial therapy for colorectal liver metastasis were assessed. The overwhelming majority (99 %) of respondents considered surgical resection to be potentially curative therapy for CLM. In contrast, only 67 % of respondents considered intraoperative ablation to be a potentially curative therapy for CLM. Overall, few respondents (10 %) considered intra-arterial therapy to be potentially curable; however, there was a difference among community (24 %) versus academic (6 %) surgeons in regard to this question (P \ 0.001). Although certain factors (size [5 cm, carcinoembryonic antigen [200 ng/ml, bilateral disease) had no effect on the respondents' impression regarding the likelihood that the CLM may be curable (median score = 3), other factors (number [4, hilar lymph node metastasis, resectable extrahepatic disease) had a modest effect on the respondents' impression that such disease was likely incurable (median score = 2) ( Table 2) .
When asked to indicate their general preferences for initial surgery versus neoadjuvant chemotherapy on a 1-5 Likert scale, there was relative equipoise among respondents with a median score of 3. When neoadjuvant therapy was recommended, there was similar equipoise among respondents (median score = 3) regarding whether to treat with cytotoxic chemotherapy alone or cytotoxic chemotherapy plus a biologic agent (e.g., bevacizumab or cetuximab). In contrast, most respondents strongly favored adding a biologic agent to cytotoxic chemotherapy if the patient had unresectable but potentially convertible liver metastasis (median score = 5). Respondents overwhelming agreed that preoperative chemotherapy should be stopped before achieving a maximal response. Specifically, among patients with resectable disease respondents The clinical factors used to generate the conjoint tasks/ case scenarios are detailed in Table 3 . Respondents were asked to assume that all patients were chemo-naïve, were at standard risk of chemotherapy-associated toxicities, and had no clinical or social factors that would preclude any of the available therapeutic options. In regression analyses, all clinical factors demonstrated statistically significant effects on the choice between LR, C ? LR, and PC. Although each factor affected choice of CLM therapy, the relative impact differed (Fig. 1) . Tumor presentation, tumor number and location, and the presence of extrahepatic disease had the largest effects on choice of therapy (Table 4) . Chemotherapy was more likely to be recommended for patients who presented with synchronous disease. Specifically, synchronous versus metachronous CLM presentation increased the choice of C ? LR (OR 4.27) and PC (OR 3.10) versus LR (P \ 0.001). Similarly, tumor number and location of liver metastasis increased the choice of chemotherapy versus immediate LR. For patients with more extensive intrahepatic disease (i.e., 5 tumors, both lobes) respondents strongly favored C ? LR (OR 5.12) and PC (OR 9.60) versus LR (P \ 0.001). The factor that was most associated with a recommendation against LR was the presence of extrahepatic disease. The presence of hilar lymph node disease was associated with a strong aversion to LR, with surgeons more likely to choose C ? LR (OR 8.92) or PC (OR 49.9) (P \ 0.001). Interestingly, even the presence of a resectable solitary lung metastasis strongly deterred choice of LR with respondents favoring C ? LR (OR 4.43) or PC (OR 6.97) (P \ 0.001). Although other factors such as patient age, tumor size, and extent of resection affected choice of therapy, the relative size of these effects was modest.
Additional regression analyses were then performed to assess the impact of nonclinical factors, after adjustment for clinical characteristics, on choice of therapy (Table 5) . Specifically, we were interested in examining possible physician-related determinants of choice of therapy for CLM. After controlling for clinical factors, surgeons with more years in practice were more likely to choose PC over C ? LR. In addition, surgical oncology-trained surgeons were more likely than hepato-pancreato-biliary/transplantation-trained surgeons to choose C ? LR (OR 2.53) or PC (OR 4.15) over LR (P \ 0.001). Other provider-and institution-level factors such as number of patients evaluated per month and practice type did not affect the choice of therapy (both P [ 0.05).
DISCUSSION
This is the first nationwide study to define the relative impact of key clinical-and provider-level factors on choice of therapy for colorectal liver metastasis. Variation in choice of therapy in colorectal liver metastasis has been poorly documented. Choice of therapy may depend both on clinical factors as well as surgeon characteristics. However, the factors influencing how providers arrive at decisions regarding the management of colorectal liver metastasis have not been previously studied. This study is important because it is the first to analyze nationwide surgical decision making in colorectal liver metastasis using physicianbased decision-making analyses. By means of conjoint analysis methodology, we were able to quantify the relative impact of clinical factors on choice of therapy. We found that synchronous presentation and the presence of extrahepatic disease had the largest effect on choice of therapy. Interestingly, we also noted a significant effect of surgeon subspecialty training on decision making, with surgical oncology-trained clinicians being more likely to utilize chemotherapy in the treatment plan. The present study is noteworthy in that it provides quantitative data on the relative contribution of clinical factors and surgeon specialty in decision making for colorectal liver metastasis.
A particular strength of our study was the use of conjoint analysis to assess provider decision making. Conjoint methodology has been validated as a means to help elucidate predictors of real-world decisions. 12 Conjoint analysis has traditionally been used in market research to understand how markets or consumers value different elements of a product. The principal advantage of conjoint methodology is that it allows a decision to be broken down into its constituent parts and the value of each factor in driving the respondent's decision determined. Specifically, by presenting respondents with a series of clinical vignettes 16 Previous data have shown that simple physician surveys regarding treatment decisions and stated preferences correlate poorly with actual clinical behavior. 11, [17] [18] [19] In contrast, conjoint analysis can elicit the factors driving clinical decisions better than physician introspection alone and therefore more strongly simulates real-life decisions. 20, 21 In the present study, we found that the choice of surgical therapy for colorectal liver metastasis varied widely. Different clinical characteristics influenced treatment planning and had varying degrees of importance in the selection of therapy. We noted that the timing of metastatic disease presentation, tumor number and location, and the presence of extrahepatic disease had the largest effects on choice of therapy. Our finding that there was a strong aversion to LR in the setting of these specific clinical factors correlates with the traditional sentiment among surgeons that these cohorts of patients have poor outcomes after surgery. [5] [6] [7] In addition, our data demonstrate the increasing preference among many surgeons to utilize chemotherapy rather than immediate surgery for high-risk patients. In the only other conjoint analysis looking at decision making for colorectal metastasis, Langenhoff et al. reported on a very small (n = 25) single-center experience from the Netherlands. 9 In this study, the authors similarly noted that involvement of both lobes and location of metastases were the most important factors affecting treatment planning. In the present study, we noted that location of metastases was indeed the strongest determinant of choice of therapy. Location of metastatic disease in the hilar lymph nodes was associated with a strong preference for PC over LR (OR 49.9).
Also notable was our finding that the presence of a resectable solitary lung metastasis strongly deterred choice of LR. Many clinicians consider the lung to be the extrahepatic site of metastatic disease that is most potentially curable, especially among patients with a solitary lesion. [22] [23] [24] Despite this, in this survey, surgeons were more inclined to choose PC rather than LR (OR 6.97) for patients with a resectable solitary lung lesion, as compared with patients who had no extrahepatic disease. These data emphasize the strong aversion some surgeons have to offering surgery to patients with colorectal metastasis, even in the setting of low-volume extrahepatic disease. Although our group and others have advocated for resection of hepatic and extrahepatic disease in well-selected patients, many surgeons remain skeptical of this therapeutic approach. 25, 26 In addition to analyzing clinical determinants of care, we identified nonclinical factors that strongly influence choice of therapy (Table 5) . Virtually all data to date regarding receipt of therapy for most cancers have focused solely on patient-and tumor-specific factors that affect 27 Other data have also noted differences in clinical outcomes and resource utilization on a general medical service based on inpatient physician specialty. 28 The effect of physician subspecialty on receipt of cancer care, however, has been poorly studied.
Our group previously reported that choice of therapy for early hepatocellular carcinoma was strongly associated with surgeon subspecialty-even more so than some clinical factors. 13 In the present study, we expand on our previous work and examine the role of surgical subspecialty on receipt of therapy for patients with colorectal liver metastasis. Of note, we found that certain surgeon-specific factors played a role that was equally important to clinical factors in determining the preferred initial therapy for CLM. After controlling for clinical factors, surgeons with more years in practice were more likely to choose PC over C ? LR. Surgical subspecialty had an even greater impact on choice of therapy. Specifically, surgical oncology-trained surgeons were significantly more likely to use chemotherapy as part of their recommended therapeutic plan compared with hepatopancreato-biliary/transplantation-trained surgeons, who more often preferred immediate resection. These data begin to elucidate some of the underlying root causes for providerspecific variation of care.
Several limitations of our study should be considered. First, as noted in our previous work, this study assessed stated preferences for surgical therapy as opposed to surgeons' actual practice patterns. 13 Although this allowed us to standardize the case scenarios and eliminate some confounding factors, it had the disadvantage of assessing decision making in a relatively idealized context. Previous work, however, has demonstrated that this approach results in valid assessments of clinical decision making. 16 A second limitation is that we do not know the characteristics of survey nonrespondents, and therefore the data may suffer from reporting bias.
In conclusion, the choice of surgical therapy for CLM varies widely. The variability in surgical decision making for colorectal liver metastasis is associated with both clinical factors and surgeon specialty. Although certain clinical factors such as patient age, tumor size, and extent of resection have only a modest effect on a surgeon's decision to offer resection, other factors such as the timing of disease presentation and the presence of extrahepatic disease have a dramatic effect. In addition, while these clinical factors influence choice of therapy, surgical subspecialty and physician experience are also important determinants of care. In fact, surgical subspecialty was noted to be a stronger determinant of choice of therapy than some clinical factors. In aggregate, our data emphasize the ongoing need to better understand how clinicians determine which therapies to offer patients. Only through such understanding of physician decision making can we hope to increase compliance with evidence-based recommendations and improve the quality and standardization of care delivered to cancer patients. Future studies will need to investigate discrete choice models that include other stakeholders (e.g., medical oncology) and to explore interventions to improve standardization of care for patients with colorectal liver metastasis.
